Introduction
Due to the shrinkage of the device, the need for the use of ArF lithography on the ion implantation(IIP) layers is increasing. Though the experience on the ArF lithography is sufficient, the focus was on the etching layer. The ion implantation block layer has been performed by KrF and i-line lithography. One of the major concerns of the ArF usage on the block layer is the resistance of the photoresist to the ion implantation. It is well known that the ArF photoresist suffers from the SEM shrinkage and insufficient etching resistance. Also, several papers have reported ion implantation characteristics of the photoresist(PR) patterns [1] [2] [3] . However, these papers concentrate on the other applications using ion implantation as the pre-processing technology [4] [5] [6] . In this paper, the requirements for the block layer have been assessed and the comparison of the ion implantation shrinkage of the commercial KrF and ArF photoresists has been described.
Experimental
Commercial Photoresists have been selected to meet the thickness and trench resolution target. On the HMDS treated Si wafer, photoresist sample was spin-coated and baked to meet the desired thickness target of 5500A. The thickness of the photoresist was confirmed by ellipsometry. Desired pattern of 240 nm 1:1 trench was formed with KrF or ArF lithography. The patterned wafer was bombarded with dual ion implantation condition. Medium P + ion was implanted with 220 KeV, and in the dose of 3.2X10 Between each steps, pattern was observed by the top-down SEM to measure the trench width and line-edge roughness of the pattern. Optical Microscope was used to determine the void inside the coated material and the result was verified with the vertical SEM.
Results and Discussion
The resolution limit of the ArF lithography undoubtedly overwhelms the KrF lithography. However, when it comes to the block layer, due to the minimum thickness required to block the ion implantation, collapse margin becomes more important than the resolution itself. Fig. 1 compares the margin of a KrF and an ArF photoresist considering the collapse margin. Though limited to one sample, and other considerations must be included, it is evident that ArF lithography may not be the absolute solution for the resolution enhancement in the ion implantation block layer. The limitation of the aspect ratio persists, and ArF photoresists might suffer from the lack of the collapse margin.
Another issue of the block layer is the gap filling ability of the photoresist. As the complexity of the sub structure increases, not only the top coating uniformity, but also the gap filling uniformity is concerned. Voids in the vertical SEM image have been observed with some of the commercial photoresists. These voids influence the electrical performance of the device as doping depth and concentration are becoming more critical. Also, because the voids are formed beneath the patterned photoresist, it is hard to find whether the voids are formed or not with the top-down SEM. As seen in the Fig. 2 , black spot in the vertical SEM is the void which cannot be determined with top-down SEM. However, with the help of the optical microscopy, voids were observed clearly. Though it is not shown in this paper, KrF photoresists have shown superior void filling property compared to the ArF photoresists. As both materials are processed under similar condition, the key to the void elimination will be the dedicated design of the material.
For the comparison, conventional KrF and ArF PRs of the same film thickness have been chosen for the ion implantation test. The shrinkage of the photoresists have been plotted in Fig. 3 .
As shown below, the average shrinkage of the ArF photoresists show not much difference to the conventional KrF photoresist. After the first ion implantation, ArF photoresist A and C even showed better resistance compared to that of the KrF photoresist. Far less shrinkage was observed after the second ion implantation in all cases. Thus, overall shrinkage was in the acceptable range. One of the ArF photoresists showed severe shrinkage which requires modification to use in the block layer.
Other lithographic performance including focus and dose margin did not show significant difference after ion implantation. The profile of the photoresist pattern showed some change, where the slope of the photoresist increased as ion implantation repeated. The degradation of the pattern profile was not evident in the KrF photoresist, where the trend was clear in the ArF photoresists (Fig. 4) . The analysis of the pheno- menon is under-way. Also, drastic improvement in the line-edge roughness after ion implantation was reported before, but the improvement was not observed in this study [3] . 
Conclusion
Transition of the ion implantation block layer to ArF lithography is inevitable due to the resolution limitation. Several concerns regarding the use of the ArF photoresists have been assessed. The increase in the collapse margin should be preceded before the resolution consideration. Also, careful design of the photoresist should be carried out to avoid the void formation between the narrow and deep areas. In terms of the ion implantation shrinkage, many of the commercial ArF photoresists have reached the performance of the KrF photoresists. With careful selection of photoresists and dedicated design for the block layer, ArF lithography will be ready for the application.
